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PREDICTED HORIZONTAL VELOCITY FOR SPACECRAFT LAND LANDINGS 

CALCULATED DURING THE APOLLO 8 COUNTDOWN DEMONSTRATION TEST 

By Samuel R .  Newman and Dallas G .  Ives  

SUMMARY 

This document presents  t a b l e s  and f i g u r e s  which show t h e  peak 
v e l o c i t i e s  and predic ted  hor izonta l  v e l o c i t i e s  f o r  spacecraf t  landings 
c a l c u l a t e d  during t h e  Apollo 8 countdown demonstration t e s t .  

INTRODUCTION 

The present  design capab i l i t y  of t h e  Apollo spacecraf t  i nd ica t e s  
t h a t  i n  t h e  event of a mode I launch escape v e h i c l e  (LEV) a b o r t ,  a 
land  landing i s  acceptable  provided t h a t  t h e  s p a c e c r a f t ' s  ho r i zon ta l  
v e l o c i t y  a t  landing does not exceed 54 f p s  ( ref .  1). 

A procedure has been es tab l i shed  which can be used during t h e  
prelaunch countdown t o  provide real-t ime data concerning t h e  spacec ra f t ' s  
a n t i c i p a t e d  ho r i zon ta l  landing v e l o c i t y  ( r e f .  2 ) .  This procedure w a s  
used during t h e  Apollo 8 countdown demonstration test  (CDDT) on 
December 9, 1968, through December 11, 1968. 

METHOD FOR DETERMINING THE HORIZONTAL VELOCITY 

The ho r i zon ta l  spacecraf t  landing v e l o c i t y  i s  dependent on t h e  
peak wind v e l o c i t y  a t  approximately 1 6 2 4  a l t i t u d e  and t h e  peak wind 
p r o f i l e  from 162 t o  500 f t ,  which desc r ibes  t h e  r a t e  of change of wind 
v e l o c i t y  with a l t i t u d e .  The e f f ec t  of t h e s e  parameters has been 
determined i n  t h e  formulat ion of t h e  procedure t o  c a l c u l a t e  t h e  
ho r i zon ta l  spacecraf t  landing ve loc i ty .  A d e s c r i p t i o n  of t h i s  procedure 
i s  presented i n  re ference  1. 



2 

B r i e f l y  t h e  procedure i s  as fol lows:  

1. The NASA Meteorological Tower (703) a t  Kennedy Space Center ,  
w i l l  be considered t h e  prime source of peak wind d a t a .  
instrumentat ion from tower 702 and t h e  t o p  of t h e  launch umbi l i ca l  
tower (L.U.T. ) w i l l  be used as necessary ( r e f .  3 ) .  

Backup 

The peak wind v e l o c i t i e s  i n  knots are recorded from t h e  500-ft 
tower (703) f o r  a l t i t u d e s  of 162, 200, 300, 400, and 500 ft and p l o t t e d  
a g a i n s t  t h e  corresponding a l t i t u d e s  on f u l l  logari thmic (log-log) paper 
( f i g .  1). 

2. 
overlay ( f i g .  2 )  which i s  a family of peak wind p r o f i l e  s lopes referenced 
t o  t h e  162-ft a l t i t u d e .  

Determine a value f o r  t h e  wind p r o f i l e  s lope  ( P )  by use  of a n  

3. Determine t h e  s p a c e c r a f t ' s  h o r i z o n t a l  landing v e l o c i t y  by use 
of a p l o t  ( f i g .  3 )  which r e p r e s e n t s  l i n e s  of constant  spacec ra f t  
horiZonta1 v e l o c i t i e s  p l o t t e d  as func t ions  of P ve r sus  peak v e l o c i t y  a t  
162 f t .  

WIND PROFILE MEASUREMENT 

The wind p r o f i l e  measurements p r i o r  t o  l i f t - o f f  ( T  hours)  were 
recorded a t  T-minus-5-hours, T-minus-3.5-hours, T-minus-2.5-hours, 
T-minus-1-hour, and T-minus-0.5-hours i n  support of  t h e  CDDT. F o r ,  
each of t h e s e  times, t h e  parameters measured were a l t i t u d e  and peak 
wind v e l o c i t y  . 

These d a t a  were p l o t t e d  and are presented i n  f i g u r e  4 (December 9 ) ,  
f i g u r e  5 (December 1 0 )  , and f i g u r e  6 (December 11). 
v e l o c i t y  f o r  each t i m e  p r i o r  t o  l i f t - o f f  f o r  each day of t h e  CDDT, and 
t h e  corresponding va lue  of P and p red ic t ed  h o r i z o n t a l  landing v e l o c i t y  
are presented i n  t a b l e  I .  

The peak wind 

CONCLUSIONS 

This document p re sen t s  t h e  p red ic t ed  h o r i z o n t a l  v e l o c i t i e s  f o r  
spacecraf t  landings c a l c u l a t e d  i n  support of t h e  Apollo 8 CDDT. 

These da t a  were a v a i l a b l e  t o  t h e  MSC F l i g h t  D i r e c t o r ,  and KSC 
Launch Director  t o  a i d  them i n  t h e i r  launch GO - NO-GO c r i t e r i a .  
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A l l  of t h e  p red ic t ed  ho r i zon ta l  v e l o c i t i e s  were below t h e  
spacecraf t  landing r e s t r i c t i o n  of 54 f p s  and t h e r e f o r e  would not have 
prevented a successfu l  l i f t - o f f .  
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26 29 29 26 

TABLE I.- APOLLO 8 CDDT W I N D  DATA 

.05 46 

.10 46 
0 46 
0 46 
0 46 

1 

T - 5  
T - 3.5 

T - 2.5 
T - 1  

T - 0 . 5  

Time pr ior  
t o  l i f t - o f f ,  

26 
25 

27 
26 
25 

Peak ve loc i ty ,  knots 

162-ft 200-ft 300-ft 400-ft 500-ft 
a l t i t u d e  a l t i t u d e  a l t i t u d e  a l t i t u d e  a l t i t u d e  

1 

( a )  December 9, 1968 

Predicted 
Wind p r o f i l e  horizontal  

s lope ,  P landing 
ve loc i ty ,  f p s  
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Figure 3 .- Constant horizontal impact velocities plotted as functions of P versus (V 1 H O  
(162-ft reference altitude, gust duration I O  seconds or more). 
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